Soilless culture of roses has grown rapidly in the Canary Islands. Despite poor water quality (average pH >8.5, electrical conductivity [EC] >0.8 dS/m and NaCl content usually above 5 me/L), reuse of drainage water is a necessity in the Canaries, not only in terms of environmental protection but because water is an extremely limited resource. With the aim of establishing guidelines for recirculation management using low quality water, an experiment was set up to study its effects on productivity of rose cv. Jaguar, cultivated in a greenhouse on tuff-filled (basaltic lapilli) beds, with an opensystem control and two recirculating treatments (R1 and R2). The recirculating solutions in R1 and R2 were renewed when drainage EC reached 3.5 dS/m. Irrigation management was similar for the control and R1 treatments, with 10 daily irrigations at fixed intervals; R2 received radiation-dependent irrigations every 200 Wh·m -2 . In spite of non-significant differences in flower number, length, weight, or vase life among treatments, recirculation did tend to produce shorter stems therefore reducing firstquality flowers by between 6 and 15%. With the exception of ammonium, all ions accumulated in the recirculating nutritive solution. The concentrations were highest for ions already present in the irrigation water, like magnesium, sodium and chloride, which showed a threefold increase; sulphate, incorporated with ammonium in each irrigation, also accumulated more than the macronutrients potassium, calcium, nitrate and phosphate. Saline accumulation was slower in R2, designed to receive more frequent irrigations on sunny days than R1. Although the solution had to be renewed every 3 weeks for R1 and every 4 for R2, drainage recycling saved water (22% for R1 and 29% for R2) and nutrients (51% and 55% for N, 37% and 44% for P, and 59% and 62% for K, for R1 and R2 treatments respectively). Compared to the open-system control, recycling notably reduced the pollution by leachate run-off; the savings reached 78% and 89% for N, 55% and 75% for P, and 86% and 93% for K, for R1 and R2 respectively.
INTRODUCTION
Rose soilless-culture has experienced a considerable increase in the Canary Islands due to soil problems and poor irrigation water (Table 1) , requiring high leaching fractions (>25%) which lead to contamination problems (traditional open systems deliver over 3000 kg/ha of nitrates run-off every year (Cid et al., 2000) . However, recirculation using salinealkaline waters does pose serious problems: the accumulation of non-desirable ions, the high doses of nitric and/or phosphoric acids needed to lower pH, and the need to increase some ions, such as calcium, to compensate magnesium and sodium. Nevertheless, results obtained in Israel using saline waters showed that partial recirculation could be a viable alternative to reduce the amount of drainage effluents and to increase the efficiency of water use (Raviv et al., 1997) . Previous work on rose production and quality showed that the negative effects of increasing electrical conductivity (EC) could be curtailed by increasing the irrigation rates and frequency (Hughes and Hanan, 1978; Isaac and Urban, 1996) .
With the aim of establishing guidelines for irrigation management when recirculating using low quality water, an experiment was set up to study its effects on the amount of effluents, the efficiency of water and nutrient use, and the productivity of rose cv. Jaguar.
MATERIAL AND METHODS
Experiments were carried out in a multi-span, corrugated methyl-polymethacrylate greenhouse and the trial lasted from June to September. Heating was set to maintain a minimum of 18ºC, and a relative humidity (RH) of at least 60% was maintained by fogsystem; windows were opened at 25ºC. Roses cv. 'Jaguar' grafted on 'Manetti' were soillesscultured in beds (6 m length, 0.5 m wide and 15 cm height) filled with tuff (basaltic lapilli, 4 mm mean diameter).
An open-system control (C) was compared with two recirculating treatments (R1 and R2). The recirculating solutions in R1 and R2 were renewed when drainage EC reached 3.5 dS/m. Irrigation management was similar for the control and R1 treatments, with 10 daily irrigations delivered at fixed-intervals of 90 min between 07:00 and 20:30 hours; R2 received radiation-dependent irrigations every 200 Wh·m -2 . All treatments received three additional irrigations of 3 min during the night to facilitate the leaching of salts and to ensure a good oxygen supply to the roots.
All treatments received the same nutrient balance, but the solutions for the recycled treatments were more diluted than the control ones ( Table 2 ). Nitrate and phosphate contents were greater than those usually recommended elsewhere because of the large quantities of acids needed to reduce pH. Additionally, the Ca level was above that usually recommended to compensate for the high Na and Mg content of the irrigation water.
Two adjacent beds, with 57 plants each, were considered as a plot. Each plot had its own solution storage and drainage tanks. Experimental design consisted of randomized blocks with 2 replicates.
Flower production and quality were recorded daily, as well as applied and run off water volumes. The composition of solutions was determined weekly to estimate the amount of applied and discharged nutrients. Analysis of variance was carried out using GLM in the SYSTAT program. Differences between means were tested by LSD Fisher.
RESULTS

Flower Production
There were no significant differences between treatments in total flower number (p=0.254), although the control treatment produced 3 flowers/m 2 more than R1 and 6 more than R2 (Fig. 1A) .
Flower stems were slightly shorter in the recirculating treatments, but differences between means as well as total values of all treatments did not have statistical significance. Similar results were found in mean weight of flowers (Figs. 1B and 1C) . However, reuse of drainages reduced the number of first quality flowers: control produced 61.5% of stems over 60 cm in length, while R1 produced 55.8% and R2 only reached 46.4% (Fig. 1D) .
The relationship between weight and length of floral stems proposed by Roberts et al. (1993) as an indicator of postharvest behaviour, whereby thicker, heavier stems have a longer vase life than long, thin stems did not show significant differences between means throughout this experiment (Fig. 1E ). Values ranged from 0.57 to 0.46, decreasing when mean temperatures during flower formation exceeded 30ºC.
A flower malformation commonly called "crooked neck", because the deformed neck causes the stem to bend, occurred more frequently as temperatures increased but treatments did not appear to influence incidence (Fig. 1F) .
Evolution of Nutrient Concentration in the Recirculating Solutions
Total concentration of nutrients in the recirculating solutions increased faster for the treatment R1, reaching the prescribed drainage EC a week before that of R2.
The bivalents calcium, magnesium and sulphate strongly accumulated in the R1 and R2 solutions. Ammonium sulphate was applied periodically to the recirculating solution with the aim of controlling pH; while the ammonium fraction was never a problem, the sulphate concentration had multiplied fivefold by the end of the recirculating cycle. There was virtually no accumulation of Potassium in the recirculated treatments and it never achieved the level fixed for the control. Nitrate concentration increased slightly when recirculating, with final levels 10-20% greater than in the control. Ions already present in the irrigation water, such as magnesium, sodium and chloride, rapidly accumulated in the recirculating solutions, especially at the beginning of the cycle, reaching more than three times their initial concentrations by the time the solution had to be discharged. Microelements iron and manganese accumulated slightly ( Fig. 2 and 3 ).
Water Conservation
Recycling saved 22% and 29% for R1 and R2, respectively, of water spent in relation to control. Leachate reduction was even more important, about 68.1% and 85% in relation to control. In the open-system treatment used as control, water volume run-off was 49% of that applied, while in the R1 and R2 recirculating treatments it was about 20% and 11% respectively (Fig. 4) . Consequently, the radiation-dependent irrigation allowed greater water use efficiency -as the recirculating cycle was longer and the targeted drainage EC was reached later-than when irrigating at fixed intervals.
Nutrients Applied and Discharged
Both recirculating treatments showed considerable savings of applied fertilizers in relation to the open-system control: about 51% and 55% for N, 37% and 44% for P, and 59% and 62% for K, for R1 and R2 respectively (Fig. 5) .
Recycling of the drainage solution notably reduced pollution due to leachate run-off, in around 78% and 89% for N, 55% and 75% for P, and 86% and 93% for K, for R1 and R2 respectively (Fig. 5) .
DISCUSSION
Reuse of drainages did not significantly affect either rose production, stem length, or weight of flowers, results that agree with those found by Raviv et al. (1995 Raviv et al. ( , 1997 Raviv et al. ( and 1998 . However, first quality flowers did show higher mean values in the control than in recirculating treatments, which indicates that saline concentration and/or high ionic gradient in the recirculated solution had some negative effect on rose quality. Despite studies showing that increasing the amount of nutrients in the solution results in production improvement (Gislerod et al., 1993; , other studies have suggested that in warmer climates the subsequent EC increase causes reductions in stem length and weight (De Kreig and Van den Berg, 1990; Hazan et al., 1994; Brun and Settembrino, 1996; Brun, 1998) .
The relationship between flower weight and length as well as incidence of malformed flowers were considerably affected by summer months, when mean temperatures inside the greenhouse were above 30º C. This is in accordance with results found by Moe (1988) , who proved that rose quality is reduced and buds are flat and deformed in such temperatures.
The strong concentration increase observed during the first week after renewal could be caused by either desorption of ions previously adsorbed by tuff or by dissolution of precipitates. The faster ion accumulation in the R1 solution could be explained due to the more frequent irrigations programmed to be applied in the R2 treatment on sunny days (radiation dependent irrigation each 200 W·h/m 2 ) which would facilitate substrate washing, delaying salt accumulation.
In view of the high accumulation of phosphate and sulphate both phosphoric acid and ammonium sulphate were used to control pH nitric acid and ammonium nitrate would appear to be more recommendable.
Radiation-dependent irrigation saved major amounts of water and nutrients, as it allowed a longer recirculating cycle to reach the same prescribed drainage EC. Nevertheless, flower production and quality do not show statistical differences with those found irrigating at fixed intervals. This result differs from the obtained by Isaac and Urban (1996) , who suggest that the main effect of high watering rates is to reduce ionic gradients, helping to maintain flower quality. That could be attributed to the lower EC reached in our work (3.5 dS/m instead of 8 dS/m used by the cited authors).
Our results showed that partial recycling of the drainage solution allows a notable reduction in the pollution due to leachate run-off. Brun, R. 1998 
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